Aleyrodidae fly is a vector carrier of various diseases in crops, plants, and vegetables. The present investigation evaluated the Aleyrodidae fly population for its relationship with cotton disease under different environmental conditions. Faisalabad, Chiniot, Sargodha, Jhang, Toba Tek Singh (T. T. Singh), and Burewala from Punjab, Pakistan were selected for this study. The Aleyrodidae fly population was found to be significantly different in selected regions, and endosymbionts of Hamiltonella, Rickettsia, Fritschea, Cardinium, Arsenophonus, and Wolbachia were recorded in promotions to the Aleyrodidae fly population. The Hamiltonella co-infection percentages in Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala were recorded as 51, 28, 75, 8, 23 , and 25, respectively, whereas relative abundance percentages of Hamiltonella endosymbiont were recorded as 52, 35, 65, 5, 20, and 21 in Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala, respectively. A similar trend was observed for Rickettsia, Fritschea, Cardinium, Arsenophonus, and Wolbachia co-infection and relative abundances. Results revealed that the Aleyrodidae fly is a carrier of different endosymbionts, which were significantly different under different environmental conditions.
Introduction
The Aleyrodidae fly (whitefly) belongs to the Aleyrodidae family, which damages various crops, ornamentals plants, and fruits (including legumes, citrus, avocado, banana, garlic, cassava, coconut, cauliflower, eggplant, mustard, guava, tobacco, mango, onion, pepper, cotton, cabbage, squash, capsicum, radish, soybean, peach, and tomato). The cotton crop is one of the important cash crops of Pakistan and is a soft target of Aleyrodidae [1] [2] . Aleyrodidae reproduction is very fast and up to 1,200 eggs per square inch has been reported on cotton crops. Under favorable environmental conditions (temperature, humidity, weather), the Aleyrodidae population grows rapidly and resultantly damages the crop. It is an insect vector of cotton leaf curl virus disease in Pakistan. It transmit the virus efficiently during phloem feeding and is carried as a primary and vegetative facultative relationship with endosymbionts of bacterial origin , i.e., during feeding from leaf phloem, Aleyrodidae, other than primary endosymbionts, also carry different insects as a secondary endosymbiont, namely Fritschea [26] , Hamiltonella [27] , Arsenophonus [28] , Cardinium [29] , Wolbachia [30] , and Rickettsia [31] . The reported secondary endosymbionts are not specified for their specific location, but they exist with host insects [32] . The relationships between Aleyrodidae and secondary endosymbionts are not essential for its survival, but play an important role in different metabolic processes during development, reproduction, and viral transmission.
Previously, some researchers studied the Aleyrodidae population, i.e., Gottlieb et al. [33] identified Rickettsia and [34] recorded the endosymbionts with the Aleyrodidae population [34] . It is reported that Rickettsia improved fitness of Aleyrodidae by increasing its fertility, enhancing the population [35] , and increasing tolarance against unfavorable conditions [36] . Along with its beneficial potential for the host, due to over-populating, this symbiont increases susceptibility to insecticides and is harmful for the host [37] . Wolbachia belongs to Proteobacteria, which infects insects and is transmitted through eggs. It produces abnormality in the cytoplasmic system during the early growth phase of development [38] [39] . Hamiltonella is fully dependent on the host for survival [40] , and its host endosymbiotic relation plays a major role in transmission of different plant viruses [41] . Arsenophonus belongs to Proteobacteria phylum and is in arthropods, including psyllids, aphids, louse flies, and flies [42] . In cotton crops, Arsenophonus carry secondary endosymbiotics with Aleyrodidae in transmission of viruses by producing molecular protein, which interferes with the outer protein coat that is an easy target for the transmission virus in cotton crops [43] . Cardinium changes the cytoplasmic incompatibilities [44] and produces functional biomolecules like proteins, which interfere with the normal cell [45] . Fritschea belongs to the genus Candidatus [46] and is present in the gut of the Aleyrodidae fly [47] .
Our investigation studied Aleyrodidae's relationships with various endosymbiots like Hamiltonella, Rickettsia, Fritschea, Cardinium, Arsenophonus, and Wolbachia under various environmental conditions in Punjab, Pakistan. Our principle objectives were to appraise the relative abundance of and co-infection of the endosymbionts under investigation.
Material and Methods
Aleyrodidae samples were collected from Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala, and studied for their DNA genome following the method reported by [48] . Amplifiable DNA was checked using sodium channel gene-specific primers as internal control and the presence of endosymbionts was evaluated using 16S primers. Endosymbiont-specific primers were compared with [49] . The sample from each site was collected in triplicate and data thus obtained was reported as mean ±SD.
Results and Discussion
Aleyrodidae fly influence on endosymbiont and coinfection from different areas in cotton crop was studied and DNA was checked for endosymbiont relationship. The results obtained are given in Figs 1-2 . We observed that coinfection of endosymbionts in Aleyrodidae fly collected from cotton fields of the Punjab districts of Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala were significant. We found that Fritschea was present in all collected samples, but the highest percentage was observed in samples collected from Sargodha (67%), followed by Burewala (51%), Faisalabad (50%), Jhang (48%), Chiniot (38%), and T. T Singh (19%). The Hamiltonella endosymbiont was recorded at maximum in Sargodha and minimum in Jhang, and the overall trend was as: Sargodha (65%) > Faisalabad (52%) > Chiniot (35%) > Burewala (21) > T. T. Singh (20%), and Jhang (4%). Rickettsia was found only in Sargodha and Jhang, which was 25% and 23%, respectively, whereas other districts revealed a very low percentage of Rickettsia. Cardinium was detected in all sampling areas and the percentages of Cardinium in Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala were found to be 53%, 51%, 8%, 27%, 10%, and 11%, respectively. Arsenophonus endosymbiont was also detected in the sampling area, but the variation within the area was significant and 55%, 95%, 9%, 6%, 26%, and 11% were observed in Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala, respectively. Wolbachia was also recorded in all sampling areas and, in comparison to other endosymbionts, the Wolbachia percentage was very low. Wolbachia was recorded in the range of 8-26%, with the highest in Sargodha and the lowest in Chiniot and Jhang. Co-infection of endosymbionts were detected in all samples. In Faisalabad, Hamiltonella, Arsenophonus, Fritschea, and Cardinium were present, While in Chiniot Arsenophonus and Cardinium were maximum. In Sargodha, Hamiltonella and Fritschea were recorded maximum, whereas Rickettsia and Cardinium were documented in Jhang. The co-infection trend in Toba Tek Singh was documented in Hamiltonella and Fritschea, but Rickettsia and Cardinium were present in Burewala.
In Pakistan, the cotton crop is susceptible to different diseases [50] and there are various factors responsible for this variety. The carrier vector and endosymbionts in whiteflies are two factors that harm the cotton leaf by folding and cause diseases in combination with viruses. In other countries, this trend of disease in cotton was also observed and in China five types of secondary endosymbionts have been detected in cotton crops with significance in different regions. The authors correlated this disease with whiteflies in the studied area and a similar trend was observed in the present investigation [36] . A similar study has also been reported in Brazil, where the endosymbiont population was found to be significantly different in different areas [51] .
The present study focused on various endosymbiont population evaluations in different areas of Punjab, and the overall trend was found to be in line with previous studies showing that endosymbionts may vary depending Fig. 1 . Co-infection of endosymbionts (%) in different studied areas.
upon the population of whiteflies. The trend in coinfection was also found to be similar to endosymbiont percentages, which revealed that co-infection also has a relationship with the endosymbiont population. Therefore, co-infection factor also depends upon the whitefly population. From results of the present study, we observed that whiteflies play a significant role in diseases in cotton crops, but whiteflies work with a combination of different factors, such as environmental conditions of a particular area and bio-vectors.
Conclusions
The Aleyrodidae fly relationship with various endosybionts in cotton crop was evaluated from Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala districts in Punjab, Pakistan. The Aleyrodidae fly population was found to be significantly different in selected regions and endosymbionts, i.e., Hamiltonella, Rickettsia, Fritschea, Cardinium, Arsenophonus, and Wolbachia. The Hamiltonella co-infection percentage in Faisalabad, Chiniot, Sargodha, Jhang, T. T. Singh, and Burewala were recorded to be in the range of 8-51%, Fig. 2 . Relative abundance of endosymbionts (%) in different studied areas.
whereas relative abundances were recorded in the range of 5-65%. Overall, the trends of Hamiltonella, Rickettsia, Fritschea, Cardinium, Arsenophonus and Wolbachia co-infection and relative abundances were found to be variable and significant in all studied areas. Results revealed that the Aleyrodidae fly is a carrier of different endosymbionts, which were significantly different under variable environmental conditions.
